The overland flow on an infiltrating converging surface is studied. Mathematical solutions are developed to study the effect of infiltration on nonlinear overland flow dynamics. To develop mathematical solutions, infiltration and rainfall are represented by simple time and space invariant functions. For complex rainfall and infiltration functions, explicit solutions are not feasible.
INTRODUCTION
Overland flow and infiltration have been extensively studied as separate components of the hydrologic cycle [Woolhiser and Liggett, 1967; Woolhiser, 1969; Kibler and Woolhiser, 1970; Singh, 1974; Lane, 1975; Philip, 1957; Hanks and Bowers, 1962; Whisler and Klute, 1965; Rubin, 1966] . A combined study of these phases is required for modeling overland flow. With a few exceptions, notably the work by Smith [1970] and Smith and Woolhiser [1971 ] , the conventional approach [Wooding, 1965; Eagleson, 1972; Singh, 1975 ] to combining these phases has been through the familiar notion of so-called rainfall excess. In this approach, infiltration is independently determined and subtracted from rainfall; the residual is termed rainfall excess, which forms input to the overland flow model. It seems to us that this concept of rainfall excess is more an artifice than a reality. The processes of rainfall, infiltration, and runoff occur concurrently in nature and therefore warrant a combined study. The purpose of this paper, part 2 of a series, is to consider infiltration in the converging overland flow model and then develop mathematical solutions for overland flow. The mathematical treatment developed here is useful in studying the effect of infiltration on nonlinear watershed dynamics.
EFFECT OF INFILTRATION ON OVERLAND FLOW: MATHEMATICAL SOLUTIONS
In a previous paper [Sherman and Singh, 1976] , hereafter referred to as part 1, the infiltration of water through the ground was disregarded. Now we include such a term in the model. Let f(x, t) be the rate of infiltration per unit area; f is dependent on the depth of flow h in the following sense:
f(x, t) = 0 if h(x, t) = 0
We will assume further that q(x, t) > f(x, t) O< t < T 0 < x < L(1 -r)
where q is the lateral inflow per unit area, T is the duration of q, L is the length of the converging section, r is the degree of convergence, and x and t are space and time coordinates. Then the continuity and momentum equations are 
It is plausible on physical grounds that there will be a curve t = tø(x) in{t > T, 0 <x <L(1 -r)} starting at x = 0, t = T such that h(x, tø(x)) = 0. This curve gives the time history of the water edge as it recedes from x = 0 to x = L(1 -r). Equations (1) and (2) are satisfied in S = {0 < t < tø(x), 0 < x < L(1 -r)}. Thus t = tø(x) is a free boundary, and (1)-(3) and h(x, tø(x)) = 0 constitute a free boundary problem. In the domain above the curve t = tø(x), h(x, t) = 0. The determination of the free boundary t = tø(x) is, as we shall see, relatively simple when q and f are constant (see Figure 1) ; in this paper we will discuss only that case.
If we eliminate u between (1) and (2) we get
The characteristics of (4) 
We assume that the curves t = t(x, to), which are the solutions of (5), (6), and (7), do not intersect for distinct values of to. Similarly, we assume that the curves t = t(x, x0), which are the solutions of (5) 
) which depend on the relative disposition of the three curves t = tø(x), t = T, and t = t(x, 0); t = t(x, x*) is the prolongation of t = t(x, O) to the right of x = x*. In case A, tø(x) > T > t(x, 0), 0 < x < L(1 -r). In case B•, tø(x) > T, and tø(x) > t(x, 0), but t = T and t / t(x, 0) intersect at x / x*; i.e., T = t(x*, 0), and 0 < x* < L(1 -r). In case B:, tø(x) > T, but t = Tand t = t(x, O)
intersect at x = x*, and t = tø(x) and t -t(x, x*) intersect at x = ./; i.e., tø(./) = t(oe, x*), and 0 < oe < L(1 -r).
Since tø(x) and t(x, 0) are not known until we have solved the problem, it appears that we cannot distinguish these cases beforehand. But in the special case which we consider in this paper, q(x, t) and f(x, t) both constant, we can distinguish the 
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